Maternal or paternal high fat (HF) diet can modify the epigenome in germ cells and fetal somatic cells leading to an increased susceptibility among female offspring of multiple generations to develop breast cancer. We determined if combined treatment with broad spectrum DnA methyltransferase (DNMT) inhibitor hydralazine and histone deacetylase (HDAC) inhibitor valproic acid (VPA) will reverse this increased risk. C57BL/6 mouse dams were fed either a corn oil-based HF or control diet during pregnancy. Starting at age 7 weeks, female offspring were administered 3 doses of 7,12-dimethylbenz[a]anthracene (DMBA) to initiate mammary cancer. After last dose, offspring started receiving VPA/hydralazine administered via drinking water: no adverse health effects were detected. VPA/hydralazine reduced mammary tumor multiplicity and lengthened tumor latency in HF offspring when compared with non-treated HF offspring. The drug combination inhibited DNMT3a protein levels and increased expression of the tumor suppressor gene Cdkn2a/p16 in mammary tumors of Hf offspring. In control mice not exposed to HF diet in utero, VPA/hydralazine increased mammary tumor incidence and burden, and elevated expression of the unfolded protein response and autophagy genes, including HIF-1α, NFkB, PERK, and SQSTM1/p62. Expression of these genes was already upregulated in HF offspring prior to VPA/hydralazine treatment. These findings suggest that breast cancer prevention strategies with HDAC/DNMT inhibitors need to be individually tailored.
the causality of epigenetic modifications resulting from in utero exposures and increased breast cancer risk has not been studied.
Since the epigenetic changes induced by histone deacetylases (HDACs) and DNMTs are potentially reversible 24 , we posited that treating adult HF offspring with broad spectrum inhibitors of DNMTs and HDACs might prevent their increased mammary cancer risk, perhaps by reversing the downregulation of tumor suppressor genes. Interactive and complex functional cross-talk between HDAC and DNMT activities makes a combination of both HDAC and DNMT inhibitors more effective in inhibiting the growth of different cancers in experimental models than either inhibitor alone [25] [26] [27] . Further, since our goal is to prevent healthy women at high risk of breast cancer from developing this disease, the HDAC and DNMT inhibitors to be used need to be safe and not toxic. Thus, the DNMT inhibitors azacytidine (Vidaza; Celgene) and decitabine (5-aza-2-deoxycytidine, 5-Aza-CdR) (Dacogen; SuperGen) that are used to treat myeloid blood cancers 28 are toxic 29 and not suitable as preventive drugs. We chose to use valproic acid that inhibits class I HDACs 30, 31 , and hydralazine that suppresses DNMT1 and DNMT3a activities 32 . VPA was developed for the treatment of neurological diseases, such as epilepsy and migraine, and it is effective in the treatment of bipolar disease. Hydralazine is an antihypertensive drug. Preclinical studies and clinical trials have combined these two drugs with standard therapies to reverse epigenetic changes 33 and treat leukemia 34 and some advanced solid cancers [35] [36] [37] . These drugs can also prevent the development of drug resistance or resensitize therapy-resistant cancer cells in vitro and in preclinical models 33, 38 . Since VPA and hydralazine can be given chronically, long-term use of the combination is realistic for a cancer prevention strategy. However, VPA is teratogenic 39 and cannot be used by pregnant mothers. Therefore, we tested the possibility that an adult exposure to VPA/hydralazine prevents the increased risk of mammary cancer associated with an in utero exposure to a HF diet.
Our results indicated that VPA/hydralazine reduced mammary tumor multiplicity and lengthened tumor latency in the HF offspring. However, in the control offspring treatment with VPA/hydralazine increased both mammary tumor incidence and tumor burden. The opposing effects in in utero HF or control diet exposed rats were linked to different effects on the expression of tumor suppressor and oncogenes. Our findings suggest that similar to the idea that patients with different gene expression signatures in their breast cancers need an individualized treatment plan 40 , approaches to prevent breast cancer should be tailored to reflect a woman's breast cancer susceptibility factors.
Results
Effect of VPA/hydralazine on body weight. In this study, pregnant C57BL/6NTac mice were fed either a high fat diet containing high levels of n-6 polyunsaturated acids (PUFAs) in corn oil, or a control diet. The control diet also had corn oil as the main fat source, but the percentage of fat was lower in the control (17%) than HF diet (43%). When offspring were adults, some of them received a treatment with VPA and hydralazine via drinking water, starting one week after mice received the last of three doses of 7,12-dimethylbenz[a]anthracene (DMBA) to initiate mammary tumorigenesis. The most notable side-effect of VPA in individuals taking this drug is weight gain 41, 42 . No excessive weight gain was seen in the control offspring when VPA was given in combination with hydralazine. Among the HF offspring, treatment with VPA/hydralazine reduced body weight gain when compared with non-treated HF offspring (p = 0.037; 2-way ANOVA, p = 0.018) ( Supplementary Fig. 1 ). Since HF and control diets fed to pregnant dams are isocaloric, no differences in body weights occurred between the non-treated control and HF offspring at any stage of their life-cycle 14 . Effect of VPA/hydralazine on mammary tumorigenesis. Tumor incidence. Of control mice exposed to medroxyprogesterone acetate (MPA), followed by three doses of DMBA, 36.7% developed malignant tumors, 20.0% developed only benign tumors, and 43.3% did not develop any tumors during a 20-week tumor monitoring period. The incidence of malignant tumors was 64.3%, benign tumors 14.3%, and no tumors in 21.4% of the HF offspring. The percentage of malignant tumors was significantly higher (χ 2 test, p < 0.001), whereas the percentage of mice not developing any tumors was significantly lower (p = 0.001) in the HF group compared with the controls. Kaplan-Meier survival analysis confirmed that a significantly higher number of HF offspring developed malignant mammary tumors than control offspring during the tumor monitoring period (p = 0.029) ( Fig. 1a ).
Treatment in adulthood with VPA/hydralazine eliminated the difference in mammary tumor incidence between untreated control and HF offspring ( Fig. 1b) . This difference did not reflect an effect of VPA/hydralazine in the HF offspring because the incidence of malignant tumors in these animals was only reduced by 12% (from 64.3% to 56.7%) with VPA/valproic acid ( Fig. 1c) . A two-fold increase in mammary tumor incidence was seen in the control offspring treated with VPA/hydralazine (75.0%), when compared with their non-treated controls (36.7%) (p < 0.001). Kaplan-Meier survival analysis also indicated a significant increase in the number of animals that developed mammary tumors when receiving VPA/hydralazine in the control group (p = 0.033) ( Fig. 1d ).
When treated with VPA/hydralazine, only 5% of control mice and none of the HF offspring developed benign tumors. Thus, the EPI treatment increased the proportion of malignant tumors (χ 2 test, control group: p = 0.003; HF: p < 0.001). However, as shown in Fig. 1d , an increase in the total number of malignant tumors was seen only in the control group.
Tumor latency and multiplicity. HF offspring developed mammary tumors significantly earlier than control offspring (p = 0.046). Treatment with VPA/hydralazine delayed mammary tumor development in the HF offspring, whilst in the control group VPA/hydralazine accelerated tumor development (p for interaction = 0.047) ( Fig. 2a ). Tumor multiplicity also was affected by maternal diet: multiplicity was significantly higher in HF offspring than in controls (p = 0.024) ( Fig. 2b ). Treatment with VPA/hydralazine significantly reduced tumor multiplicity in HF offspring (p = 0.003) but had no effect on control offspring (p for interaction = 0.020). shorter in high fat (HF) offspring, compared with control (CON) offspring. Treatment with VPA/hydralazine non-significantly shortened tumor latency in CON offspring, but had opposite effect on HF offspring (p for interaction = 0.047). (b) Mammary tumor multiplicity (number of tumors per mice) was significantly higher in HF offspring, compared with CON offspring. Treatment with VPA/hydralazine significantly reduced tumor multiplicity in HF offspring (p for interaction = 0.027). Means and SEM of 18-30 mice per group are shown.
Tumor burden. Tumor burden represents the number of tumors per mice and their combined size. HF offspring exhibited a significantly higher tumor burden than control offspring (repeated measures ANOVA; p = 0.029) ( Fig. 3a) . This difference in tumor burden was not seen in HF and control offspring treated with VPA/hydralazine ( Fig. 3b ). VPA/hydralazine treatment did not change tumor burden in the HF, compared with non-treated HF offspring ( Fig. 3c ). In the control offspring, VPA/hydralazine treatment significantly increased mammary tumor burden (p = 0.027) ( Fig. 3d ).
In summary, VPA/hydralazine treatment reversed the increased tumor multiplicity in HF offspring, and non-significantly delayed their tumor development, but did not reduce mammary tumor incidence. In marked contrast, VPA/hydralazine increased both mammary tumor incidence and burden in the control offspring.
Effect of VPA/hydralazine on tumor suppressor gene expression in mammary tumors.
We determined whether some of the commonly silenced breast cancer tumor suppressor genes were differentially expressed in the mammary tumors between control and HF offspring, specifically BRCA1, CDKN2A, and PTEN. Expression of Cdkn2a was lower in the HF offspring; treatment with VPA/hydralazine significantly increased this expression (p = 0.04, p for VPA/hydralazine treatment = 0.015) (Fig. 4a ). The other tumor suppressor genes studied were not differentially expressed or affected by VPA/hydralazine treatment in the HF offspring ( Fig. 4b ,c, Supplementary Fig. 2 ). We also determined if any of the tumor suppressor genes found to be down-regulated in the mammary glands of F1 and F3 generation offspring of HF fed dams in our previous study 14 -Igfbp6, Oas3a, p21, Slfn1 or Zbp1 -were affected by VPA/hydralazine treatment in mammary tumors: they were not ( Supplementary Fig. 3 ).
Effect of VPA/hydralazine on estrogen receptor levels in mammary tumors.
Methylation of the estrogen receptor (ER) is more common in young girls with a strong family history of breast cancer, but who are not carriers of BRCA germline mutations, than in girls without such family history 43 . Further, low ER expression in human breast cancer cells can be reversed by treatment with DNMT and HDAC inhibitors 44 . We assessed if ERα or ERβ were differentially expressed in mammary tumors of control and HF offspring. No statistically significant differences between the non-treated control and HF offspring were observed. There was a non-significant tendency for VPA/H to upregulate ERα and ERβ in both the control and HF offspring (Supplementary Figs. 4 and 5). , was significantly higher (p = 0.029) in the offspring of high fat (HF) fed dams (n = 28) during 20 week tumor monitoring period than in control (CON) offspring (n = 30). (b) The difference was lost (p = 0.16) by treatment with VPA/hydralazine (abbreviated as EPI) (n = 18 in CON-EPI and n = 30 in HF-EPI). (c) VPA/hydralazine treatment did not change (p = 0.13) mammary tumor burden in HF offspring. (d) VPA/hydralazine treated CON mice had significantly higher (p = 0.027) mammary tumor burden than non-treated CON mice. Means and SEM of tumor volume at each tumor monitoring week are shown; * indicates statistical significance during weeks when it reached p < 0.05. Differences were analyzed according to 2-way Repeated Measures ANOVA followed by Holm Sidak test.
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Effect of VPA/hydralazine on CpG island methylation of CDKN2A in mammary tumors. Since
Cdkn2a emerged as the downregulated tumor suppressor potentially linked to increased breast cancer risk in the HF offspring, we measured changes in CpG island methylation across the Cdkn2a gene, including within the gene body and promoter regions upstream from the gene transcription start site ( Supplementary Fig. 6 ). While not statistically significant, VPA/hydralazine decreased the elevated DNA methylation of Cdkn2a in both the promoter region and 1 st exon in HF group (Fig. 5 ). However, after treatment with VPA/hydralazine, a significant increase in DNA methylation was observed in the gene body in the HF group in introns 1 (p = 0.018, p for VPA/ hydralazine = 0.058) and 2 (p = 0.013, p for VPA/hydralazine = 0.013), compared with non-treated HF offspring ( Fig. 5 ). These findings are consistent with earlier studies showing that methylation of gene body increases mRNA expression 45, 46 . Nevertheless, the increase in CpG methylation in gene body with VPA/hydralazine treatment was unexpected.
Effect of VPA/hydralazine on DNMTs and HDACs in mammary tumors.
We then determined if the increase in gene body methylation by VPA/hydralazine in the HF offspring reflected changes in DNMT levels. VPA/hydralazine significantly downregulated protein expression of DNMT3a in the mammary tumors of HF offspring (p = 0.03 Holm-Sidak test after 2-way ANOVA, p for treatment = 0.046) ( Fig. 6a, Supplementary Fig. 7 ). This observation is consistent with an earlier study showing that hydralazine inhibits DNMT3a 32 . Prior to VPA/ hydralazine treatment, DNMT3a, DNMT1 ( Fig. 6b ) or HDAC1 ( Fig. 6c ) expression was not different in the mammary tumors of HF offspring, compared with controls.
Effect of VPA/hydralazine on markers of endoplasmic reticulum stress and autophagy in mammary tumors. We next determined if expression of oncogenes previously linked to breast cancer is altered in VPA/hydralazine treated mice. We first measured the endoplasmic reticulum (EnR) stress/unfolded protein response (UPR) and genes known to affect the UPR. UPR is activated in cells undergoing malignant transformation 47 , for example as a consequence of hypoxia. HIF1α, a master transcriptional regulator of the response to hypoxia, was upregulated in the mammary tumors of HF offspring (p = 0.048). Treatment with VPA/hydralazine increased protein levels in the control (p = 0.001), but not in HF offspring (p for interaction = 0.008) ( Fig. 7a , Supplementary Fig. 8 ). Of the three UPR signaling arms, PERK was upregulated in HF offspring (p = 0.049), as was the PERK downstream target NFκB (p = 0.04). NFκB is a key regulator of inflammatory responses. Treatment with VPA/hydralazine increased the levels of PERK (p = 0.01) and NFκB (p = 0.02) in control offspring to the www.nature.com/scientificreports www.nature.com/scientificreports/ levels seen in HF offspring, but did not further affect the expression of these genes in the HF offspring ( Fig. 7b ,c, Supplementary Fig. 8 ).
Expression of p62, which acts as an autophagy cargo receptor by linking ubiquitin-tagged protein aggregates to autophagosomes for degradation, also was elevated in the mammary tumors of HF offspring. As with HIF1α, PERK, and NFκB, treatment with VPA/hydralazine increased p62 protein levels in the control group (p < 0.001) ( Fig. 7d, Supplementary Fig. 8 ), and the elevated levels of p62 in the HF offspring were not further altered by VPA/hydralazine. In addition to being linked to autophagy, p62 also enhances breast cancer stem-like properties 48 , and increases breast cancer cell proliferation 49 . Further, elevated p62 expression is associated with a shorter disease-free survival in breast cancer patients 50 . Thus, the increased p62 levels in the tumors of VPA/hydralazine treated control offspring and non-treated HF offspring likely contribute to increased mammary tumorigenesis.
Discussion
In preclinical models, an increase in mammary cancer risk following an in utero exposure to a HF diet or to endocrine disrupting chemicals is associated with epigenetic changes. These changes include alterations in DNA methylation and histone modifications in the mammary gland 13, 21, 22 . We investigated here if the increased mammary cancer risk and epigenetic changes in in utero HF exposed animals are reversible by treating mice with the broad spectrum HDAC and DNMT inhibitors VPA and hydralazine, respectively. Earlier studies indicate that a combination of HDAC and DNMT inhibitors, alone or together with other therapies, reverse epigenetic alterations and inhibit growth of cancer cells in vitro 25, 26 and in patients with advanced cancer [35] [36] [37] . In our earlier study, HDAC inhibiting VPA and DNMT inhibiting hydralazine prevented tamoxifen resistance and local mammary cancer recurrence in animals exposed to the endocrine disrupting chemical EE2 in utero 38 . The present study represents the first time the outcomes of HDAC and DNMT inhibitor treatments were combined with the knowledge of prior epigenetic changes in mammary tumors. The results showed that VPA/hydralazine treatment significantly reduced tumor multiplicity and lengthened tumor latency in the HF offspring.
However, VPA/hydralazine treatment adversely affected the control offspring. Controls receiving these drugs exhibited an increase in mammary tumorigenesis over their untreated counterparts. Thus, the benefits of this therapy were limited to mice exposed to an in utero HF environment. Similar data were obtained in our earlier study in which VPA/hydralazine increased mammary cancer recurrence in control offspring, whilst reduced recurrence in offspring of dams treated with the synthetic estrogen EE2 during pregnancy 38 . These results underline the importance of patient stratification based on their potential epigenetic changes, and the urgent need for epigenetic biomarkers for assessing those changes.
To understand why VPA/hydralazine treatment has opposite effects on HF and control offspring, we investigated their effects on the expression of key tumor suppressor genes and oncogenes associated with breast cancer risk. In breast cancer patients, tumor suppressor genes that are frequently downregulated by methylation include BRCA1 51 , CDKN2A 52 , and PTEN 53 . Of these, Cdkn2a mRNA expression was downregulated in the mammary tumors of HF offspring, and treatment with VPA/hydralazine reversed this downregulation. Consistent with this result, earlier studies have reported that hydralazine treatment reactivates CDKN2A in human breast cancer cells 54 and in human breast tumors 55 . Since epigenetic repression of CDKN2A has been identified as a key driver of malignant transformation in the breast 52 , maternal HF intake during pregnancy may increase an offspring's breast cancer risk by epigenetically silencing this tumor suppressor gene.
It is not clear how treatment with VPA/hydralazine reversed the downregulation of Cdkn2a. No significant differences in DNA methylation in the promoter region, 5′-UTR or the 1 st exon of Cdkn2a were seen in the mammary tumors between the control and HF offspring. The decreased methylation of these two locations following VPA/hydralazine treatment did not reach statistical significance. Unexpectedly, VPA/hydralazine treatment significantly increased methylation of Cdkn2a in introns 1 and 2. Since DNA methylation in the gene body can increase gene expression 45, 56 , the observed increase in intron methylation in HF offspring is consistent with increased mRNA expression of Cdkn2a by VPA/hydralazine.
We cannot exclude the possibility that the results obtained in control offspring reflected other properties of VPA/hydralazine, such as their effects on neurological end-points or blood pressure. However, these effects have not been linked to increased breast cancer risk. A more plausible explanation is that VPA/hydralazine upregulated several oncogenes linked to increased breast cancer risk in the control mice that were already upregulated in non-treated HF offspring. We found several cancer-promoting UPR-linked genes to be upregulated in the mammary tumors of control offspring treated with VPA/hydralazine, including HIF-1α 57 , NFκB 58 , PERK 59 , and p62 60 . These findings are consistent with earlier studies showing that hydralazine upregulates HIF-1α in smooth muscle cells 61 . Since sustained, non-lethal levels of UPR permit cancer cells to survive and continue to grow despite hostile internal and external conditions that include nutrient and lipid deprivation and hypoxia 62 , HDAC/ DNMT inhibitors may increase breast cancer risk in individuals not exposed to in utero manipulations by upregulating UPR.
Given how time consuming and expensive it is to develop new drugs, repurposing FDA-approved drugs with known low toxicity has gained increased attention and many are being tested for effectiveness in cancers. VPA/ hydralazine are among these drugs [35] [36] [37] . We now show that the earlier onset of mammary cancer and the development of multiple mammary tumors in female offspring exposed in utero to a maternal HF diet can be reversed www.nature.com/scientificreports www.nature.com/scientificreports/ by treating adult offspring with VPA/hydralazine. However, prior to translating these findings into the clinic it is critical to identify women who will benefit from taking VPA/hydralazine, and those who may be harmed. VPA/hydralazine promoted mammary tumorigenesis in the control offspring in this and another study from our group 38 . Population-based case-control studies have failed to show that VPA reduces cancer risk. In fact, the incidence of lung 63 and colorectal cancers 64 is significantly higher among individuals using VPA than non-users. Women who could potentially benefit from VPA/hydralazine treatment are daughters of mothers who consumed a HF diet during pregnancy. Our unpublished data would extend that group to include women exposed to endocrine disrupting compounds (EDCs) in utero. Importantly, it should be investigated if those women not exposed to high fat diet or EDCs in utero, and who are taking VPA to treat epilepsy, bipolar disorder, or migraine, and/or taking hydralazine to treat hypertension, experience an increased risk of developing breast cancer.
Several foods and bioactive nutrients modify the epigenome 65, 66 . However, epidemiological studies have mostly generated conflicting findings regarding the efficacy of any of these foods or nutrients in breast cancer prevention. One reason why attempts have failed to link them to reduced breast cancer risk might be that we have assumed nutrients with epigenetic properties are equally effective in all women. Based on the findings of our study, administration of any compound that modifies the epigenome, including VPA/hydralazine, may need to be individually tailored to be used for the prevention of breast cancer.
Materials and Methods
All methods described in this manuscript were performed in accordance with the relevant guidelines and regulations, as described by the guidelines of Scientific Reports at www.nature.com/srep/policies/index. html#experimental-subjects.
Breeding and dietary exposure. Four-week-old male and female C57BL/6NTac mice were obtained from Taconic Biosciences (Germantown, NY) and housed in standard rodent housing at constant temperature, humidity, and a 12-hr light/dark cycle at Georgetown University's Department of Comparative Medicine (DCM), in accordance with all institutional and federal regulations.
When mice were 7 weeks of age, they were mated by housing 2 females together with 1 male per cage. Pregnancy was verified by the presence of a mucus copulatory plug in the vaginal opening; this day was assigned as gestation day (GD) 0. On GD10, the pregnant dams were divided into two groups and fed either a HF diet containing 43% energy from fat (per 100 g of food contained 18% corn oil, CO, and 1% soybean oil, SBO), or continued on the control diet (17% energy from fat, 6% CO per 100 g diet, 1% SBO) 14 . The HF diet was made isocaloric with the control diet by replacing some carbohydrates with non-energy containing cellulose (fiber). Both diets contained the same amount of protein, and vitamins and minerals. Upon giving birth on GD20-21, dams and their offspring in both groups were fed only control diet.
Figure 7.
Effect of valproic acid (VPA) and hydralazine on markers of endoplasmic reticulum stress and autophagy in mammary tumors. Compared with control offspring, in utero HF exposed offspring exhibited increased protein levels of (a) HIF-1α, (b) PERK, (c) NFκB, d) SQSTM1/P62. Treatment with VPA/hydralazine increased the levels in control group, but not in HF offspring, of (a) HIF-1α (p = 0.001 for interaction), (b) PERK (p = 0.01 for treatment), (c) NFκB (p = 0.011 for interaction), (d) SQSTM1/P62 (p = 0.005 for treatment, and p = 0.003 for interaction). www.nature.com/scientificreports www.nature.com/scientificreports/ Mammary tumorigenesis. To induce mammary tumors, female C57BL6/NTac mice were first primed with 15 mg/kg of medroxyprogesterone acetate (MPA) (Greenstone, Peapack, NJ) at PND42. One week later, 1 mg of 7,12-dimethylbenz[a]anthracene (DMBA) (Sigma, St. Louis, MO), in 1 ml of peanut oil, was administered by oral gavage. DMBA administration was repeated 2 additional times at one week intervals between doses. Tumor development was monitored by palpation once a week for 20 weeks. If tumors were detected, their sizes were measured by calipers. The following endpoints were determined: incidence (number of animals with tumors), latency (time to first malignant tumor), multiplicity (number of all or malignant tumors per animal), and burden (total tumor volume per animal). When latency was assessed, mice that did not develop any tumors or only developed benign tumors were included in the analysis by assigning them a latency period of 21 weeks. Overall health of the mice was monitored daily. A mouse was euthanized prior to the end of the tumor monitoring period if it lost a significant amount of weight or if a tumor reached 10% of the animal's body weight. Tumor histopathology was assessed by a certified pathologist who has expertise in studying mouse mammary tumors.
Administration of hydralazine and valproic acid. One week following the final dose administration of DMBA, female mouse offspring from both control and HF in utero exposed groups were randomly selected to drink water containing valproic acid (Sigma, Milwaukee, WI) and hydralazine (Sigma, Milwaukee, WI), resulting in the daily intake of 1.2 g/kg VPA and 5 mg/kg hydralazine. VPA/hydralazine containing water packs were made fresh weekly. Administration of VPA/hydralazine containing water continued until the end of the study, which was 20 weeks post final DMBA administration. tissue collection. At the end of tumor monitoring period, experimental animals were euthanized. We then collected mammary glands and tumors, and resected a portion of tumors for formalin-fixed paraffin embedding, and flash froze the remaining tissues in cryotubes in liquid nitrogen.
RnA extraction and cDnA synthesis. Total RNA was extracted from the mammary glands and tumors using the Qiagen RNeasy Mini kit (Qiagen, MD) per the manufacturer's protocol. Concentration and purity of the extracted RNA was determined by Nanodrop 1000 spectrophotometer (Thermo Scientific, DE). RNA (2 μg) per sample was used to generate cDNA via reverse transcription using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, CA) and run on a PTC-100 thermal cycler (Bio-Rad, CA).
Quantitative real-time polymerase chain reaction. Product cDNA was brought to a working concentration of 5 ng/μL and mixed with EvaGreen 2X qPCR MasterMix-ROX (ABM, INC.) and gene specific forward and reverse primers. Primers used in qPCR analysis were designed using IDT tool primer design (Integrated DNA Technologies, IA, primer sequence found in Supplemental Table 1 ). Real-time qPCR was carried out using a 7900HT Real-Time PCR system (Applied Biosystems, CA). Expression of target genes was calculated by the Relative Standard Curve Method normalized to the housekeeping gene Tbp for mouse tissue. protein isolation and immunoblotting. Protein levels were assessed by Western blot in mammary glands and tumors. Total protein was extracted from tissues using RIPA lysis buffer (0.1% SDS, 0.5% Sodium Doxycholate, 1% NP-40, 1 mM EDTA, 1 mM sodium orthvandate, 1 mM PMSF, 5 mM pyrophosphate, 10 mM glycocerophosphate, 50 mM Tris-HCl pH 7.4, 150 mM NaCl) supplemented with Mini Complete Protease Inhibitor (Roche, Germany). Protein concentration was measured using the BCA Protein Assay kit (Thermo Scientific) per manufacturer's protocol. Protein extracts were separated on a 4-12% gradient denaturing poly-acrylamide gel (SDS-PAGE). Proteins were then transferred to a nitrocellulose membrane using the Invitrogen iBlot 7-min Blotting System. This was followed by blocking with Tris buffered saline + Tween 20 (TBST) plus 5% nonfat dry milk and incubation with specific primary antibodies (1:1000) overnight at 4 °C (PERK: 3192-Cell Signaling; HIF-1α: NB 100-134-Novus Biologicals; p62: 5114-Cell Signaling; NFκB p65: sc-8008-Santa Cruz Biotechnology, DNMT1: 5032-Cell Signaling; DNMT3a: 2160-Cell signaling; HDAC1: 10197-1-AP-Proteintech; ERα: 21244-1-AP-Proteintech; ERβ: 14007-1-AP-Proteintech). After several washes in TBST, membranes were incubated with secondary antibody at room temperature for 1 hour. Membranes were developed using HyGLO Chemiluminescent HRP antibody detection spray and developed on an Amersham imaging system or exposed to Kodak autoradiography films. Protein levels were determined by band intensity using Quantity One software (Bio-Rad) and the target proteins were normalized by β-actin (1:1000, sc1616-Santa Cruz Biotechnology) or Cyclophilin (1:1000, 2175-Cell Signaling) DnA methylation. The DNA methylation analysis was performed with the targeted Next Generation Bisulfite Sequencing (tNGBS) by EpigenDx, Inc. DNA was extracted from 10 mg of mammary tumors using M-digestion Buffer (1×; ZymoResearch, CA) and proteinase K (ZymoResearch, CA) (20 mg/ml). The lysate was incubated for 2 hours at 65 °C, frozen and sent to EpigenDx. tNGBS was designed to cover all CpGs sites within about 4000 bases in the regions of interest. Region from −1500 to +1000 including promoter #1 and exon 1, and gene body region from +10000 to +15000 including intron 1, intron 2 and promoter #2 were covered ( Supplementary Fig. 6 ).
Statistical analysis.
Kaplan-Meier survival curves were used to assess differences in tumor incidence between groups, followed by log rank test. Tumor latency and multiplicity differences were assessed by 2-way ANOVA, and Tukey post-hoc test was used to assess differences among two groups. Difference in tumor burden was assessed by Two-Way repeated measure ANOVA followed by Holm-Sidak post-hoc test. Differential gene/protein expression and DNA methylation among groups was assessed by Two-Way ANOVA followed by Holm-Sidak post-hoc test. The differences were considered statistically significant when p values were equal to or less than 0.05.
